Photospheric stellar activity (i.e. dark spots or bright plages) might be an important source of noise and confusion in stellar radialvelocity (RV) measurements. Radial-velocimetry planet search surveys as well as follow-up of photometric transit surveys require a deeper understanding and characterization of the effects of stellar activities to differentiate them from planetary signals. We simulate dark spots on a rotating stellar photosphere. The variations in the photometry, RV, and spectral line shapes are characterized and analyzed according to the stellar inclination, the latitude, and the number of spots. We show that the anti-correlation between RV and bisector span, known to be a signature of activity, requires a good sampling to be resolved when there are several spots on the photosphere. The Lomb-Scargle periodograms of the RV variations induced by activity present power at the rotational period P rot of the star and its two first harmonics P rot /2 and P rot /3. Three adjusted sinusoids fixed at the fundamental period and its two-first harmonics allow us to remove about 90% of the RV jitter amplitude. We apply and validate our approach on four known active planethost stars: HD 189733, GJ 674, CoRoT-7, and ι Hor. We succeed in fitting simultaneously activity and planetary signals on GJ674 and CoRoT-7. This simultaneous modeling of the activity and planetary parameters leads to slightly higher masses of CoRoT-7b and c of respectively, 5.7 ± 2.5 M Earth and 13.1 ± 4.1 M Earth . The larger uncertainties properly take into account the stellar active jitter. We exclude short-period low-mass exoplanets around ι Hor. For data with realistic time-sampling and white Gaussian noise, we use simulations to show that our approach is effective in distinguishing reflex-motion due to a planetary companion and stellar-activityinduced RV variations provided that 1) the planetary orbital period is not close to that of the stellar rotation or one of its two first harmonics, 2) the semi-amplitude of the planet exceeds ∼30% of the semi-amplitude of the active signal, 3) the rotational period of the star is accurately known, and 4) the data cover more than one stellar rotational period.
Introduction
High-precision radial-velocimetry has until now been the most efficient way of discovering planetary systems. However, an active star displays on its photosphere dark spots and/or bright plages that rotate with the star. These inhomogeneities across the stellar surface can induce RV shifts due to changes in the spectral line shape that may add confusions with the Doppler reflex-motion due to a planetary companion (e.g. Queloz et al. 2001; Desidera et al. 2004; Huélamo et al. 2008) . The amplitude of the RV shifts depend on the v sin i of the star, the spectrograph resolution and both the size and temperature of spot (Saar & Donahue, 1997; Hatzes 1999; Desort et al. 2007 ). Stellar activity generates RV jitter and prevents accurate measurements of the stellar motions. For these reasons, active stars are then usually discarded from RV surveys using criteria based on the activity index R ′ HK and/or v sin i. However, photometric transit-search missions (such as CoRoT and Kepler) require RV measurements to establish the planetary nature of the transiting candidates and characterize their true masses. These candidates include active stars adding strong confusions and difficulties in the RV follow-up.
The anti-correlation that exists between RV and bisector span (the measurement of the spectral line asymmetry) is currently used as a signature of RV variations induced by stellar activity (e.g. Queloz et al. 2001; Hatzes et al. 2002) . Removing this anti-correlation to subtract the activity-induced RV may allow us to derive more accurate parameters of the planetary system (e.g. Melo et al. 2007; Boisse et al. 2009 ). Another approach to distinguishing stellar activity and planetary signatures consists of adjusting two Keplerian signals, one with the planetary period and the second with the stellar rotational period (e.g. Bonfils et al. 2007; Forveille et al. 2008 ).
In these past few years, the impact of the stellar activity has been studied. Desort et al. (2007) quantified how the impact of stellar spots on RV measurements depended on the spectral type, the rotational velocity, and the characteristics of the spectrograph used. Santos et al. (2009) investigated long-term HARPS measurements of a sample of stars with known activity cycles. Lagrange et al. (2010) and analyzed spots, plages, and convection simulations computed using solar data.
In this paper, we characterize variations in all the observed parameters derived from RV measurements as well as from photometric measurements due to stellar activity. We study how the Keplerian fit used to search for planets in RV data is affected by spots and we test an approach to subtract RV jitter based on harmonic decompositions of the star rotation. For this, we use simulations of spectroscopic measurements of rotating spotted stars and validate our approach on active stars monitored by high-precision spectrographs: HD 189733 (Boisse et al. 2009 ), GJ 674 (Bonfils et al. 2007) , CoRoT-7 (Queloz et al. 2009 ), and ι Hor (Vauclair et al. 2008) .
Simulations of activity-induced radial velocity
2.1. SOAP tool: dark spot simulations SOAP (Boisse et al., in prep.) is a program that calculates the photometric, RV, and line shape modulations induced by one (or more) cool spots on a rotating stellar surface. SOAP computes the rotational broadening of a spectral line by sampling the stellar disk on a grid. For each grid cell, a Gaussian function represents the typical line of the emergent spectrum. The Gaussian is Doppler-shifted according to the projected rotational velocity (v sin i) and weighted by a linear limb-darkening law. The stellar spectrum output by the program is the sum of all contributions from all grid cells. The spot is considered as a dark surface without any emission of light, so we cannot compute different temperatures for the spot. For a given spot (defined by its latitude, longitude, and size), SOAP computes which grid cells are obscured and removes their contribution to the integrated stellar spectrum.
For the simulation, we choose a G0V star with a radius of 1.1 R ⊙ and a v sin i=5.7 kms −1 , a linear coefficient of the limb darkening of 0.6, and a spectrograph resolution of 110 000 in order to be in the same conditions of the ι Hor data presented in Sect. 3.4. We fixed arbitrarily a dark spot size of 1% of the visible stellar surface. The stellar spectrum output by SOAP is an averaged spectral line, equivalent to the cross-correlation function (CCF) computed to measure RV with real data. We fit the simulated CCF with a Gaussian that sets the parameters of the CCF (RV, contrast, FWHM, and bisector span). The photometric flux is also computed. modify the pattern of the RV modulation. If the spot remains visible during all the stellar rotation (lat i), the shape is close to a sinusoidal function (Fig. 1, right) . If the spot is hidden during the rotation of the star (Fig. 1, left) , the RV variation resembles a Rossiter-McLaughlin (RM) effect (Rossiter 1924; McLaughlin 1924) . Fig. 2 shows the Lomb-Scargle periodograms of the three cases showed in Fig. 1 . Main peaks are clearly detected at the rotational period of the star P rot , as well as the two first harmonics P rot /2 and P rot /3. We note that the energy in each peak varies with the shape of the RV modulation. Multiples of the rotational period are never found. Low-amplitude signal is detected at P rot /4 but only when the star is seen equator-on and the spot is close to the equator. In that case, the RV change departs strongly from a sinusoidal shape and the periodogram exhibits a stronger amplitude excess at P rot /2 rather than at the stellar rotational period. A third of the active regions, where spots grow and decay, appear at the same location as a previous active region and their lifetime can be several rotation timescales (e.g. Howard 1996) . Hence, the phase of the RV jitter is preserved when the spot movement is only linked to the stellar rotation. In Fig. 3 , we simulated the RV modulation taking into account the evolution of a spot, i.e. when the spot size and/or temperature changes with time. The Lomb-Scargle periodogram has identical peaks at P rot and its two first harmonics. Finally, the periods detected in the periodogram are the same for the following configurations: 1) a star with different inclinations, 2) spots at different latitudes, 3) spot size varying with time, and 4) several spots on the stellar surface (cf. Sect. 2.6). 
RV variations due to a dark spot

CCF parameter variation due to a dark spot
The bisector span (BIS) is a measurement of the asymmetry of the CCF, which corresponds more or less to the average line of the spectrum. An anti-correlation between the RV and the BIS is a signature of activity-induced RV variations. The slope of the anti-correlation depends on the spot size, the v sin i of the star and the resolution of the instrument (Santos et al. 2003; Desort et al. 2007 ). The BIS was defined by Queloz et al. (2001) by computing the RV difference of the upper and the lower part of the bisector. This measurement appears unreliable at low signal-to-noise ratio (SNR). We describe here another approach to estimate the asymmetry of a CCF. We fit the CCF in two steps selecting the upper and bottom part to compute the RV high and RV low , respectively. Where σ is the width of the CCF, the upper part of the CCF is defined in the range [-∞:-1σ] [+1σ:+∞] and the lower part is defined in the range given by [-∞:-3σ] [-1σ:+1σ] [+3σ:+∞]. The RV low is more sensitive to the variation in the bottom of the line, and then, more sensitive to stellar activity as shown in Fig. 4 . The difference RV high − RV low = V span gives a measurement of the CCF asymmetry. In Fig. 5 , the two techniques of CCF asymmetry measurement are plotted for two regimes of SNR illustrating that at low SNR, the V span is more robust than BIS.
For one spot, the V span or BIS is anti-correlated with the RV as expected (see Fig. 6 ). Although the shape of the anticorrelation is not a straight line, but a loop more or less like an inclined eight. Depending on the geometrical configuration, the mean slope and the width of the eight-like loop vary.
The subtraction of the average slope of the anti-correlation has previously been used to remove the activity-induced RV in order to improve the parameters of a Keplerian planetary orbit (e.g. Melo et al. 2007; Boisse et al. 2009 ). We simulated the effect of this approach and found that the pattern of the RV residuals after the correction is identical with a lower amplitude of the initial RVs. The detected periods in the Lomb-Scargle periodogram of the RV residuals are indeed the same, with an amplitude ratio equivalent to those in the initial RVs periodogram. The use of the RV-BIS anti-correlation to correct RV jitter has several limitations. First, it merely reduces the amplitude of the • and the latitude of the spot is equal to +30
• . RV low is more sensitive to activity than RV high . • . Middle and Right: Respectively, BIS (Queloz et al. 2001 ) and V span (this paper) as a function of RV for the same simulated spot with 20ms −1 additional photonic noise in the CCF. The lines are the least squares fit to the data. The numbers in the right-hand corner is the value of the slope of the fit.
jitter signal, and does not alter its frequency content. Second, it can only be used if the vsini of the star is sufficient to resolve the effect of spots on the bisector (Desort et al. 2007; Bonfils et al. 2007 ). Third, we have shown that the degree of correlation depends on the spot latitude and stellar inclination. Finally, the correlation may be absent if effects other than activity contribute significantly to the RV variations (Queloz et al. 2009 ).
Our simulation does not take into account the variation in line width with stellar effective temperature, which is affected by the presence of spots as measured and calibrated by Santos et al. (2002) . In our simulated CCF, the flux contribution of the area occulted by the spot is subtracted from the mean stellar line. The resulted CCF is distorted relative to a Gaussian profile. As the spot rotates with the stellar surface, the contribution of the spot moves inside the CCF, from the blue to the red wings. The contrast and FWHM of the fitted CCF vary in anti-correlation as illustrated in Fig. 7 where the CCF parameters are expressed as a percentage of variation relative to the mean value. When the spot is in front of the line of sight, its contribution affects the center of the line profile, the contrast is reduced and the FWHM is larger. In contrast, when the spot contribution is in the wings of the line, the FWHM is smaller. In practice, CCF contrast may be more sensitive to both the conditions of observation (e.g. sky background) and the diffuse light in the spectrograph. The CCF FWHM is then probably the most reliable parameter to characterize an effect due to the activity. • and the latitude of the spot is equal to +30
• (RV shown in Fig. 1 middle) . At t=1, the spot is in front of the line of sight.
Correlation with photometry variations
We compared the variations in the photometric flux with those of the CCF parameters (asymmetry, width, and contrast) for different stellar inclinations and spot latitudes (see Fig. 7 ). The contrast is anti-correlated with the FWHM. Two regimes are observed between the CCF contrast and the photometric flux (see Fig. 8 ). The simulations compute the distortion of the CCF as a lack of flux masked by the spot. When the spot is in front of the line of sight, i.e. when the emitted flux is at its lowest, there is a bump at the line center and the wings appear broader. In contrast, when the spot is in the limb, i.e. when the distortion is in the wings and the emitted flux is at its medium value, the line width appears to be narrower. This explains why an anti-correlation is observed between CCF width and photometry. The other part, where a correlation is observed between the parameters is not well understood. As shown in Fig. 7 , the contrast and FWHM vary in anti-correlation, the effect in terms of FWHM then also depends on the contrast variations. This part of the relation between FWHM and photometry might originate from our inability to compute the different temperatures of the spot. On Corot-7 (Queloz et al. 2009 ), the photometric measurements from the Swiss Euler telescope are anti-correlated with the HARPS CCF width.
RV fit of a dark spot
We now attempt to remove or at least reduce the stellar activity signals in order to identify a planetary signal hidden in the RV jitter. We add to the simulated RV time series a Gaussian noise of σ=1 ms −1 to take into account photon noise and/or instrumental noise. The main shape of the RV modulations and the peaks in the periodograms are not affected with such a noise having an amplitude 100 times lower than the activity jitter.
The Lomb-Scargle periodogram corresponds to sinusoidal decompositions of the data. We saw previously that the main signal are at the stellar rotational period P rot and its two first harmonics P rot /2 and P rot /3. In some configurations, signal is present at P rot /4. We firstly fit five sinusoids to the three simulated cases of Fig. 1 with periods fixed at the rotational period P rot , and its first harmonics. The residuals are plotted in Fig. 9 , and the Lomb-Scargle periodogram of the residuals in Fig. 10 . The parameters of the sinusoids fitted are reported in Table 1 . The active jitter is reduced from more than 100 ms −1 peak-topeak to less than 3 ms −1 . In reality, only three sinusoids are needed to decrease the semi-amplitude of the RV jitter by more than 87% because the semi-amplitude of the fourth (P rot /4) and fifth (P rot /5) sinusoids are negligible in almost all cases.
We compared the fit of activity signals with Keplerian and sinusoids. Fitting a Keplerian is equivalent to fitting a sinusoid at the same period and its first harmonics. The parameters of the fit are reported in Table 2 . The number of free parameters is equal to 16 for a fit with three Keplerians and to 10 with three sinusoids. Taking into account only the fundamental period P rot as a free parameter (and not the other periods fixed as harmonics), there are 14 free parameters for a fit with three Keplerians against 8 for a fit with three sinusoids. Moreover, if some energy due to activity remains in the residuals, it is at the next harmonic for a fit with sinusoids, while it may be at any other harmonic for a fit with Keplerians. This is why we choose to fit the active jitter with three sinusoids fixed at the stellar rotational period and its two first harmonics.
The latest harmonics may appear because the sampling of the simulation is almost perfect. In the following section, we checked that in practice when the sampling and coverage of the stellar activity signal are limited, a three sinusoid fit with fixed periods at the rotation period, and its two first harmonics is sufficient. 
Several dark spots
We simulated and studied the apparent shifts in RV induced by several spots on the stellar surface. Two spots of 1% of the stellar surface are successively shifted by 30, 60, and 120
• in longitude on an inclined star with i = 40
• . One spot is fixed at latitude +30
• and the other at the equator. Differential rotation is not considered. The three RV signatures and periodograms are plotted in Figs. 11 and 12. Only the three periods P rot , P rot /2, and P rot /3 are identified. Three sinusoids fixed at these periods fit the RV modulation and reduce the amplitude of the jitter by up to 90%. For our three simulated cases with two spots, the anticorrelation between V span and RV is more or less observed on Fig. 13 but may be affected by one spot possibly compensating for the other. We emphasized that the slope of the anticorrelation is shallow and requires data with a high sampling to be resolved (at least 10 measurements per rotation period). The pattern observed for one spot between the CCF FWHM and the photometry can be strongly modified by the presence of several spots as shown in Fig. 14. It may not display a clear signature and the anti-correlation may be barely seen. However, as both parameters are not modified by the presence of a planet (except for a transit), this anti-correlation due to stellar activity would always be observable. This is in contrast to the RV and V span (or BIS) anti-correlation, which may be hidden by a planet in the RV data.
Bright spots
We consider only dark spots, but other inhomogeneities are present on the surface of an active star. For instance, plages are bright structures that may be related to dark spots in active regions. We simulated bright spots and characterized the induced variations in the RV, CCF parameters, and photometry. We found that the amplitudes of the variations are identical for characteristics similar to those of a dark spot (except the brightness), but the shapes of all parameters are reversed. The V span and the RV then remain anti-correlated. Similarly, the relation between parameters of the CCF and the photometry persists.
Application to real data
HD 189733
The active K2V star HD 189733 and its transiting planetary companion, which has a 2.2-day orbital period, was monitored by Boisse et al. (2009) . They used the high-resolution spectrograph SOPHIE mounted on the 1.93-m telescope at the Observatoire de Haute-Provence to obtain 55 spectra of HD 189733 over nearly two months. The RV measurements subtracted from their fit of Lomb-Scargle periodograms of the three RV variations showed in Fig. 11 when two spots are on the stellar surface. Only the rotational period of the star and its two-first harmonics are detected. As noted in Sect. 2.2, the maximal peak is not at P rot /2, so there is not a significant detection of the harmonic P rot /4.
the planetary companion are variable because of the activity of the star. HD 189733 has a stellar rotational period of 11.953d (Henry & Winn 2009 ). We computed the Lomb-Scargle periodogram of the residuals from the Keplerian fit in the top panel of Fig. 15 . The fundamental period at P rot and its two first harmonics (P rot /2 and P rot /3) are detected with false alarm probability lower than 10 −1 . False alarm probabilities are computed by performing random permutations of the data, keeping the observing time fixed, as described in Lovis et al. (2010) . There is no significant signal at other harmonics. The dispersion value of 9.1 ms −1 are reduced to 5.5 ms −1 when the residuals are fitted by three sinusoids fixed at the given periods. This dispersion is comparable to that obtained by the RV-BIS anti-correlation correction applied by Boisse et al. (2009) . The main limitation here is the intrinsic precision of the spectrograph. The LombScargle periodogram of the residuals after the simultaneous fit of a Keplerian and three sinusoids with periods fixed at P rot and its two first harmonics is shown as a dashed line at the top of Fig. 15 . It shows no evidence of another companion in the system taking into account the current SOPHIE accuracy (≃ 4-5ms −1 ). We show the effect of the sampling in the middle and bottom panels of the Fig. 15 . We simulated a dark spot on the star with the closest parameters to those of HD 189733. Spot parameters (0.45% of the visible stellar surface and lat=+30
• ) were selected to ensure that the simulated photometric variations are comparable to those observed by MOST (Boisse et al. 2009 ). In the bottom panel, the Lomb-Scargle is computed for a quasi-perfect sampling during which a measurement is taken each P rot /1000. In the middle panel, the sampling is that of the measurements of HD 189733 in Boisse et al. (2009) . The pattern of the LombScargle periodogram for the simulations with the sampling of the SOPHIE data (middle panel) is comparable to those of real data (top panel). As a dashed line, we superimpose the Lomb- Scargle periodogram of the residuals of the harmonic filtering of the simulated RV with the SOPHIE data sampling. No periodicities are found to have greater amplitudes because of the harmonic filtering beyond the noise level.
GJ 674
GJ 674 is a moderately active M2.5V dwarf hosting a planet with a 4.69-day period (Bonfils et al. 2007) . A superimposed signal with a periodicity of roughly 35 days is also visible in the RV measurements. Bonfils et al. (2007) demonstrated that their variations coincide with the stellar rotation period by analyzing photometry and active lines (Ca II and H α). These signals originate in active regions rotating with the stellar surface. They described the data with a two-Keplerian model with a 4.69-day period planet and a Keplerian to fit the active feature. In Fig. 16 , we fit the RV derived from HARPS spectra with three sinusoids each of period fixed to be the rotational period (P rot =34.85d) and the two first harmonics (P rot /2=17.425d and P rot /3=11.6167d) and one Keplerian that provides the planetary parameters. These fitting results are in agreement with Bonfils et al. (2007) (cf. Table 3 ), being no significant change in either the fitted parameters or the error bars. On the other hand, we obtained a weaker dispersion in the residuals, σ(O − C)=0.65 ms −1 instead of σ(O − C)=0.82 ms −1 , which is closest to the current HARPS accuracy and equal to the uncertainty in each measurement, and we were able to reduce the χ 2 to 1.36. For the original RV data, we computed the Lomb-Scargle periodogram, (Fig. 17, top) , which shows that the main period is that of the planet. After removing the RV variations due to the planet, the periodogram of the residuals displays periodicities at the rotational period and its two first harmonics (Fig. 17,  bottom) . After the simultaneous fit of a Keplerian and the harmonic filtering, the periodogram shows neither a residual nor an enhanced periodicity. Fig. 16 . Fit of the HARPS RV of GJ674 with one Keplerian and three sinusoids fixed to the rotational period (top right P rot =34.85d) and the two first harmonics (bottom left P rot /2=17.425d and bottom right P rot /3=11.6167d). The Keplerian fit (top left) gives the planetary parameters. Each plot is given as a function of orbital phase after removing the other three signals. Individual error bars are also plotted. 
CoRoT-7
The photometric transit search with the CoRoT satellite has reported the discovery of a planetary companion CoRoT-7b around an active V=11.7 G9V star (Léger et al. 2009 ) with an orbital period of 0.85 days. Queloz et al. (2009) reported on the intensive campaign carried out with HARPS at the 3.6-m telescope at La Silla. The RV variations are found to be dominated by the activity of the star, i.e. rotational modulation from cool spots on the stellar surface with an estimated period close to 23 days. Two approaches were used to disentangle the Doppler motion from the active jitter. They each detected two signals: the CoRoT-7b transit period and a second planet CoRoT-7c at a period of 3.69 days. The authors inferred a mass of 4.8 ± 0.8 M Earth for CoRoT-7b and, assuming that both planets are on coplanar orbits, a mass of 8.4 ± 0.9 M Earth for CoRoT-7c. The second of the two approaches used in Queloz et al. (2009) is a modeling of the active jitter by a harmonic decomposition of the rotational period. The authors subtracted their model from the RV data before detecting and characterizing the planetary system. Here, we wish to fit simultaneously the effect of both activity and the planetary system on the data as we did previously for GJ674. We used the 37 last days of HARPS data when the sampling had a higher frequency on a long timescale (several points each night and a total of 59 measurements) and in order that the distribution of spots on the stellar surface did not change too much (and therefore the parameters of the fit for the active signal). This assumption is consistent with that of the photospheric activity study of Lanza et al. (2010) for the CoRoT photometric measurements. They found that active regions occur on three stable active longitudes, whose overall lifetime may exceed the duration of the light curve. They note that the large active regions evolve on timescales ranging from two weeks to a few months. However, we show in Sect. 2 that an evolving active region is also closely fitted by our harmonic filtering. We fitted simultaneously three sinusoids to the active jitter with periods fixed at the rotational periods (23d.) and its two first harmonics (11.5d and 7.66667d.). The Lomb-Scargle of the residuals shows a clear peak near 3.69 d and another one near 0.85 d with false alarm probabilities lower than 5.10 −4 (Fig. 18) . No other significant periods are detected with false alarm probability greater than 0.5. We fitted simultaneously three sinusoids to the active jitter and two Keplerians to the possible companions. No parameters were fixed for the Keplerians except the eccentricities, which were fixed to be zero. The differences from the published values of the periods are smaller 0.5% and of the transit phase of CoRoT-7b is less than 0.2% of the transit period. To measure the semi-amplitude and then the mass of the planets, we fixed the period and the T0 of the transiting companion. We then fitted simultaneously three sinusoids for the active jitter and two Keplerians with null-eccentricity. We obtained the parameters given in Table 3 . The period of 3.70 ± 0.02 d found for CoRoT7c agrees with the value of 3.698 ± 0.003 d found by Queloz et al. (2009) . The residuals of 3.1 ms −1 and the reduced χ 2 , which is equal to 2., are comparable to those obtained by Queloz et al. (2009) considering that we have used fewer data. We note, however, that the semi-amplitude of the planets 4.5 ± 0.7 ms −1 for CoRoT-7b and 6.1 ± 0.6 ms −1 for CoRoT-7c are larger than in Queloz et al. (2009) . For comparison, the same study is performed on another data set of bjd= [54775.8-54807.3] , with a total of 34 measurements. The two planets are detected in the Lomb-Scargle periodogram with false alarm probabilities lower than 10 −2 , whereas no other periods are detected with false alarm probability lower than 0.5 (except for the one-day alias due to the data sampling). The differences from the published values are 4.5% for the CoRoT-7c period, 2% for the CoRoT-7b transit period, and 9% for the CoRoT-7b transit phase. The semiamplitude for the planets are 2.9 ± 1.1 ms −1 for CoRoT-7b and 4.6 ± 0.9 ms −1 for CoRoT-7c. . Lomb-Scargle periodograms of the 37 last days of HARPS RV data of CoRoT-7. The dotted line shows the level of the mean uncertainty in RV measurements. a) The main peak in the raw data is owing to the rotational period of the star (∼ 23d.). b) After the harmonic filtering of the data, the highest peak of the residuals corresponds to the CoRoT-7c period. c) The residuals of the simultaneous fit of the activity and one Keplerian for CoRoT-7c show two peaks, the highest at the CoRoT-7b period and the other at its one-day alias. d) No significant periods remains above the level of the noise after the simultaneous fit of the activity and of two Keplerians for the possible companions. 5.7 ± 2.5 * 13.2 ± 4.1 * † Error bars in semi-amplitudes take into account a systematic noise due to active jitter of 1.5 m s −1 . * Error bars in masses take into account the stellar mass uncertainty and a systematic noise due to active jitter.
Our method is robust, but these differences illustrate the difficulty in measuring the amplitudes accurately in the presence of activity. Moreover, it led us to conclude that the error bars for the semi-amplitudes are underestimated in our study as in that of Queloz et al. (2009) . We infer approximately that a systematic noise due to active jitter of 1.5 ms −1 must be added quadratically to the error bars. We then determine a semi-amplitude of 4.0 ± 1.6 ms −1 for CoRoT-7b and 5.6 ± 1.6 ms −1 for CoRoT-7c. The masses are 5.7 ± 2.5 M Earth for CoRoT-7b, which agrees with the value of Queloz et al. (2009) , and 13.2 ± 4.1 M Earth for CoRoT-7c (assuming that both planets are on coplanar orbits), slightly higher than its published value. The error bars then account for a systematic noise due to active jitter and the stellar mass uncertainty (0.93 ± 0.03 M ⊙ ). By evaluating a weighted average, we find for CoRoT-7c a period of 3.697 ± 0.019 day, in agreement with Queloz et al. (2009) . These new values for the CoRoT-7 system are reported in Table 4 . Considering our value of the mass of CoRoT-7b, one sigma higher than the published value, and its refined measurement of radius, slightly smaller R P = 1.58 ± 0.10 R Earth , derived by Bruntt et al. (2010) using improved stellar parameters, Valencia et al. (2010) predicted that is a planet compatible with an Earth-like composition (33% iron, 66% silicate).
ι Hor
ι Hor, or HD 17051, is a young G0V star with V = 5.40. The 320.1-d period planet ι Hor b with a small eccentricity of 0.161 was reported by Kürster et al. (2000) . They noted an excess RV scatter of 27 ms −1 due to stellar activity. Rocha-Pinto & Maciel (1998) (Vauclair et al. 2008) . They studied the acoustic oscillations of the star and demonstrated that ι Hor was formed in the same primordial cloud as the Hyades. The data helped refine the mass of the star M * = 1.25 ± 0.01 M ⊙ , which lead us to re-evaluate the ι Hor b planetary mass to be 2.6 M Jup .
We studied these data to characterize the active jitter and search for a possible hidden Doppler motion. Observations were carried out during eight consecutive nights between 19 and 26 November 2006 with 1856 measurements each of time exposure of about 100s. The p-modes are visible at high frequencies and a low frequency RV signal with amplitude of about 20 ms −1 appears because of the activity. We kept 1659 measurements with SNR(550nm) 120. We averaged the data in groups of 20 measurements in order to average the p-mode signature. The mean RV photon-noise uncertainty in the averaged points is then about 26 cms −1 , but the true precision is limited by the instrumental accuracy ≈ 80 cms −1 . Before studying the RV variations due to stellar activity, we subtracted the long-period planet Doppler motion. We computed the ι Hor b Keplerian solution with the parameters of Kürster et al. (2000) because our data has a too short duration and cannot be used to better constrain the planetary orbit. We subtracted a slope of -650 ms −1 yr −1 from the RV measurements. The uncertainty in the Kürster et al. (2000) parameters, particularly in the period (δP = 2.1d) and the epoch of maximum RV (δT 0 = 3.0 d), induced an uncertainty of ±50 ms −1 yr −1 in the value of the slope at the epoch of our observations, approximately eight years after the Kurster ones.
To check that the main RV variations is due to activity, we computed and compared RV high and RV low in Fig. 19 . The amplitude of RV low is roughly 1.5 times the amplitude of RV high , as expected in the case of stellar activity (cf. Sect. 2.3). Thus, in Fig. 20 an anti-correlation is observed between the RV and the V span in agreement with an active signature.
The study of the dark spot simulations in Sect. 2 shows that the active RV jitter is well-fitted when the rotational period of the star is known. The ι Hor rotational period was estimated by and by from Ca II emission. They found P rot = 7.9d and 8.6d, respectively. From the Kurucz model atmosphere, Kürster et al. (2000) derived a v sin i = 5.5 kms −1 , which agrees with the 5.7 kms −1 found by . Also in agreement, we derived from the mean FWHM of the HARPS CCF a value of v sin i = 5.7 kms −1 . Using the formula to estimate the sin i from the v sin i, P rot , and the stellar radius, we derived the stellar inclination i=55±10
• . Following Saar & Donahue (1997) , we estimate that the f s , nonuniform portion of the spot distribution responsible for the observed variability is f s ≈0.3%.
We choose arbitrarily a rotational period equal to 8.2 days. The RV are fitted by three sinusoids with periods fixed at the rotational period and its two first harmonics (cf. Fig. 21 ). The residuals are equal to σ = 1.03ms −1 reaching almost the instrumental accuracy. A peak at the third harmonic is barely detected above the noise in the Lomb-Scargle periodogram of the residuals, as expected when data still exhibit signature of activity (cf. Sect. 2.5). Fitting simultaneously the fourth sinusoids, the semiamplitude of the fourth one is only 1.5 ms −1 and the residuals are slightly smaller at a value of σ =0.87ms −1 . The amplitude of this last sinusoid represents the limit of our detection ( 2 σ) as before in the study of the dark spot simulations, illustrating that three sinusoids is sufficient to remove most of the active jitter. In Fig. 22 , it is shown that minimum values of χ 2 are obtained for P rot between 7.9d and 8.4d.
In the ιHor data, we do not detect a short-period companion. Nevertheless, we wished to check whether we have subtracted the RV shift due to a companion when subtracting the effects of activity. We ran simulations and added RV due to fake planets to the ιHor data. We consider only the case of circular orbits, which is a good hypothesis for planets of period shorter than 6 days (Eggenberger & Udry 2010) . We fitted the active jitter with three sinusoids of period fixed to the rotational period and its two first harmonics. Afterwards, we considered the LombScargle periodogram of the residuals. If a peak at the planetary period was detected, we fitted simultaneously a Keplerian with null-eccentricity to obtain the planetary parameters. We consider that a peak is significant if its false-alarm probability is smaller than 10 −2 . In Fig. 23 , we plotted the minimal semi-amplitude detected in the ιHor data as a function of the planetary period. The error bars represent the difference between the planetary period and semi-amplitude that were fitted and the simulated ones or, if it is greater, the error in the fitted parameters. Periods longer than 7 days were not considered because observations during at least one planetary period were needed to detect a planet. Planetary periods between 7 and 2.5 days are not easily characterized because, without other high-precision measurements, we cannot evaluate the amplitude of the RV jitter due to activity and then, estimate above which amplitude the RV variation might be due to a companion. When shorter than 2.5 days, the periods are detected in the periodogram of the residuals, after subtraction of the RV jitter.
To conclude, the ιHor RV modulations can be clearly explained by dark spots on the photosphere of a star with a rotational period in the range [7.9-8.4 ] days. There is no doubt that the main RV variations are due to the stellar activity by the anti-correlation RV-V span (Fig. 20) and the difference in amplitude between the RV low and RV high (Fig. 19) . We excluded the presence of planets with minimum masses between 6 and 10 M Earth and respective periods between 0.7 and 2.4 days (Fig. 23) . The causes limiting our diagnostic are primarily the uncertainty in the rotational period of the star, the short observational period, and, to a lesser extent, the uncertainty in the slope due to the ιHor b planet.
Conclusion and Perspectives
We have performed simulations of stellar dark spots to check the validity of the standard diagnostics of activity and to derive a method to subtract RV variations due to activity. We have studied the effects of stellar spots on photometry, measured radial velocities, and other spectral parameters, including the asymmetry of the mean line of the spectrum that we estimate with a new parameter, V span =RV high -RV low , which is less sensitive to noise than the usual bisector span BIS. We have shown that the anticorrelation between RV and the V span needs a minimal sampling of 0.1 of a stellar rotational period to keep its diagnostic power for several spots, and that an anti-correlation might be observed between the photometry and the FWHM of the spectral lines. We have pointed out that bright spots also induce an anti-correlation between RV and the V span . We have shown that stellar spots induce RV variations at the rotational period P rot of the star and its two first harmonics P rot /2 and P rot /3. These RV variations can be corrected by three sinusoids, the remaining activity signal at the following harmonic representing less than 10 % of the initial RV amplitude. Fitting stellar activity with three sinusoids may be used to disentangle it from Doppler motion provided that 1) the period of the planet is not close to that of the stellar rotation or one of its first harmonics, and 2) the rotational period of the star is accurately known or the data cover at least two rotational periods of the star. Under these conditions, this method could even reveal low-mass planets with semi-amplitudes down to about 30% of the semi-amplitude of the activity-induced variation.
These results have been validated on four known active planet-host stars. In the case of CoRoT-7, we have also detected the two planets reported by Queloz et al. (2009) but our uncertainties in the fitted parameters are several times larger to properly take into account the stellar active jitter. Moreover, with our simultaneous modeling of the activity and planetary parameters, slightly higher masses are found: 5.7 ± 2.5 M Earth for CoRoT-7b and 13.1 ± 4.1 M Earth for CoRoT-7c (assuming that both planets are on coplanar orbits). In the case of ι Hor, we have been able to exclude low-mass planets with periods between 0.7 and 2.4 days with semi-amplitude greater than 4 ms −1 , which correspond respectively to a minimum mass of between 6 and 10 M Earth .
Our simulations did not account for the differential rotation. This may generate frequencies other than the harmonics of the rotational period. These additional periodicities, however, were not detected in our study of known active stars. On the other hand, for an RV survey, when a periodicity close to the rotational period of the star or its harmonics is found, a photometric follow-up has to be performed. As illustrated in the discovery and confirmation of the planetary companion of HD 192263, a planet may be found with a period roughly close to that of the photometric variations of the star (Santos et al. 2000; Henry et al. 2002; Santos et al. 2003) . Simultaneous photometry with the RV is then needed to check the phase of the parameters.
This method for distinguishing stellar activity and planetary signals is particularly suitable for RV follow-up of transit surveys from the ground or space such as CoRoT or Kepler. In this case, photometry of active stars is indeed well sampled and characterized (Paulson et al. 2004) . The method could also be used for RV survey around (low) active stars when the companion candidate has a periodicity that differs from the rotational period of the star and its harmonics, to refine the planetary parameters. Table 1 . Sinusoidal orbital solutions for fitting RV jitter activity for different inclinations of the star and latitudes of one stellar spot (Fig. 1) .
Parameters i=90
• and lat=+30 
